Objectives. is study seeks to determine the prevalence of chronic diseases and analyze the association between multimorbidity and all-cause mortality by sex. Methods. is is a 16-year longitudinal study of follow-up. We used sample data of the SABE (Health, Well-Being and Aging) study cohort and mortality data obtained through the Mortality Information Improvement Program of the City of São Paulo (PRO-AIM) from the 2000-2016 period. Survival analysis was performed using Cox proportional hazard models. Results. Hypertension (HT) was the most prevalent disease in older adults (52.93%), followed by musculoskeletal disorders (MSDs) (27.09%), cardiovascular diseases (CD) (17.79%), diabetes mellitus (DM) (16.95%), mental disorders (MD) (15.43%), and respiratory diseases (RD) (9.72%). e highest mortality rate in women was observed in the combination of HT/MSDs/DM/MD (HR � 6.15, 95% CI � 2.32, 16.32), while in men was in the combination of HT/CD/MSDs/ DM (HR � 5.72, 95% CI � 1.72, 19.06). Conclusion. Similar to previous studies carried out in developed countries, we found that all-cause mortality increased as diseases are added to an individual. Women and men presented different mortality patterns according to multimorbidity. erefore, we suggest that additional longitudinal studies should be performed in order to analyze mortality by sex.
Introduction
Given the worldwide decrease in fertility rates and increase in life expectancy, aging population is growing in almost all countries [1] . Global average life expectancy increased 5.5 years from 2000 to 2016 [2, 3] . One of the main consequences of aging is the increase in elderly population with chronic Multimorbidity (MM), which is greater in low-and middle-income countries (LMICs) [4] . As defined by the World Health Organization (WHO), MM is when two or more chronic diseases coexist at the same time in an individual [5] . e European General Practitioners Research Network (EGPRN) mentions that the addition of another disease can be acute or chronic. e inclusion of a biopsychosocial factor, associated or not with the previous disease or with a somatic risk factor [6] , can lead to a great heterogeneity of MM definitions among studies, mainly in terms of risk factors [7] . MM has been associated with adverse health outcomes such as poorer quality of life [8] , low physical function [9] , and greater demand of healthcare cost [10, 11] . Additionally, MM has been associated with an increased risk of all-cause mortality. However, results have been analyzed with caution since excess risk may depend on disease combinations [12] [13] [14] with or without associated risk factors [15] .
ere are no studies analyzing MM and mortality in Latin America. erefore, we decided to evaluate MM in a representative sample using data from the SABE study. e goals of this study are as follows: (1) to determine the prevalence of individual chronic diseases and of the five most prevalent combinations of two, three, four, and five chronic diseases and (2) to analyze the association between multimorbidity in the most prevalent combinations and allcause mortality by sex.
Methods

Sample.
e SABE methodology has been described elsewhere [16, 17] . It was a cross-sectional study organized by the Pan American Health Organization (PAHO/WHO) in 2000 and involved the participation of seven Latin American countries. Its objective was to determine the living conditions of elderly people aged 60 or more. In 2000, the study became a cohort study in the São Paulo municipality [16] . Nowadays, it has four waves of follow-up (2000, 2006, 2010, and 2015) . In this study, we used the first wave sample which was taken in two segments. e first segment was a probabilistic sample that used 72 census tracts from 263 sectors. ese were drawn by the conglomerate sample from the National Household Sample Survey (PNAD), and the sample selected 1,568 older adults.
e second segment selected 575 residents of the municipalities where the previous interviews were conducted. us, 2,143 participants were interviewed at the end of the first wave [18] . e sample size weights were adjusted according to the characteristics of the population in terms of age and sex, and the size of the population aged 60 years or more was registered by the Brazilian Institute of Geography and Statistics [19] .
Data Collection.
e original survey questionnaires created by the PAHO were translated into Portuguese for their use in Brazil. e survey was conducted by trained interviewers. e SABE study was approved by the Research Ethics Committee of the Faculty of Public Health of the University of São Paulo (FSP-USP) and the National Research Ethics Commission (CONEP).
Outcomes.
Our first outcome was the prevalence of individual chronic diseases and multimorbidity, which is defined as the presence of two or more chronic diseases in an individual. Our second outcome was all-cause mortality according to multimorbidity. Mortality data were obtained through linkage, which was performed between the database of the Program for Improvement of Mortality Information in the municipality of São Paulo (PRO-AIM) (cutoff date: September 13, 2016) and the 2000 cohort of SABE. We obtained the underlying cause of death through death certificates, and these were categorized according to the International Classification of Diseases (ICD), 10 th revision.
Independent Variables.
e independent variables were obtained through the SABE questionnaire used in 2000. We used socioeconomic variables such age (years), education (without, 1 to 7, 8, or more years), marital status (married, single, widow, separated/divorced), and living arrangement (living with someone, living alone). Health-related variables such as self-rated health (excellent/very good/good, fair/poor), visual impairment (excellent/very good/good, fair/poor/blind), and minimental score (13 or more, 12 or less). e chronic diseases were self-reported and categorized as yes or no; Hypertension (HT), Diabetes Mellitus (DM), Musculoskeletal Disorders (MSDs) (osteoarthritis, rheumatoid arthritis), Cardiovascular Diseases (CD) (coronary heart disease, congestive heart failure, angina), Mental Disorders (MD) (psychiatric disorder), and Respiratory Diseases (RD) (chronic obstructive pulmonary disease, asthma).
Data Analysis.
In 2000, of the 2,143 participants interviewed, 878 were men and 1,265 were women. In 16 years of follow-up, a total of 1,374 deaths were obtained. We excluded 40 deaths due to external causes and 99 deaths missing from the variables of interest such as education (n � 12), marital status (n � 1), self-rated health (n � 4), visual impairment (n � 9), hypertension (n � 14), musculoskeletal disorders (n � 29), cardiovascular (n � 11), diabetes mellitus (n � 10), mental disorders (n � 4), and respiratory diseases (n � 5), which led to 2,004 participants for the analysis. For data without death information, it was censored until the last observation in September 13, 2016 . Hence, of the total number of individuals, 1,263 were deaths and 741 individuals were censored.
In order to obtain the prevalence of diseases, we first calculated the prevalence of each chronic disease and then for all possible combinations of two chronic diseases. e five most prevalent pairs were used to form the combination of three chronic diseases. en, the first five most prevalent trios were used to form the combination of four diseases and so on until we reached five combinations. All-cause mortality was calculated according to combinations of two, three, four, and five prevalent diseases.
We used the sample weight of the 2000 wave throughout the analysis, and we performed the Rao-Scott chi-square test.
e proportional hazard assumption was tested by Schoenfeld residuals. e all-cause mortality results were adjusted by age, education, marital status, living arrangement, self-rated health, visual impairment, and mini-mental score, and then, these were stratified by sex.
Results
In Table 1 , the mean ages of women and men were 72.76 and 73.50, respectively. ere were statistically significant differences between women and men according to education (p < 0.001), marital status (p < 0.001), living arrangement (p < 0.001), and visual impairment (p < 0.05). Regarding chronic diseases, women had higher prevalence of diseases when compared to men with the exception of CD and RD; HT (55.79% versus 48.82%), MSDs (34.89% versus 15.84%), DM (17.53% versus 16.12%), MD (17.40% versus 12.58%), CD (17.14% versus 18.73%), and RD (8.30% versus 11.76%).
Prevalence of Multimorbidity.
e five most prevalent pairs were HT/MSDs (16.25%), HT/CD (13.06%), HT/DM (12.78%), HT/MD (8.14%), and CD/MSDs (6.67%) ( Table 2) . With regard to the five most prevalent trios, the highest prevalence corresponded to HT/CD/MSDs (4.68%), while the lowest one to HT/CD/MD (2.19%). When it came to quartets, the most prevalent was HT/CD/MSDs/DM (1.03%), while the least one was HT/CD/DM/MD (0.51%). For quintets, the most prevalent was HT/CD/MSDs/DM/ MD (0.20%), while the least one was HT/CD/MSDs/DM/RD and HT/MSDs/DM/MD/RD (0.13% each). ere were no values for the HT/CD/DM/MD/RD combination (Table 3) .
All-Cause Mortality and MM
Combination of Two Chronic
Diseases. Women with two diseases had an increased risk of all-cause mortality for all combinations, with a wide range from 36% to 105% higher risk in relation to women without diseases (HT/ MSDs: HR � 1.36, 95% CI � 1.01, 1.82, CD/MSDs: HR � 1.48, 95% CI � 1.10, 1.98, HT/MD: HR � 1.53, 95% CI � 1.09, 2.13, HT/DM: HR � 1.82, 95% CI � 1.36, 2.44, and HT/CD: HR � 2.05, 95% CI � 1.52, 2.78). However, men had 58% to 59% increased risk of all-cause mortality when compared to men without diseases (HT/DM: HR � 1.58, 95% CI � 1.09, 2.30, and CD/MSDs: HR � 1.59, 95% CI � 1.06, 2.38, respectively) (see Table 4 ). 
Combination of ree Chronic
Discussion
e female sex is associated with increased risk of MM [20] , which is similar to our results where women presented higher prevalence of each disease individually.
ere was a higher percentage of women without education than men without education (21.40% versus 15.83%). In a previous meta-analysis, lower education was related to MM [21] . is is concerning since Brazil continues to be one of the countries with greater inequalities worldwide [22] , despite the improvements that have been made over the last years. Similar to previous studies, our results show that hypertension was the most prevalent disease in older adults [23, 24] . It is the greater risk factor for cardiovascular disease and increases the risk of cardiovascular mortality. In high-income countries, the prevalence of hypertension is decreasing by 2.6%; however, in low-and middle-income countries, this prevalence is increasing by 7.7% [25] . In this study, in a representative sample of the Brazilian population, both women and men presented hypertension across most of the prevalent disease combinations, with the exception of the combination of musculoskeletal disorders and cardiovascular disease.
Our results are similar to the ones obtained for older adults from Northeast China, where the pair combination of hypertension and cardiovascular diseases was the second most prevalent among older adults [26] . In women, the most prevalent individual diseases were (from highest to lowest) hypertension, musculoskeletal disorders, and diabetes. Hypertension was present in all combinations with the highest mortality. Women had risk of all-cause mortality twice as high when they had hypertension and cardiovascular diseases, and this risk increased even more with the addition of other diseases to this pair. After the addition of diabetes mellitus, this risk remained twice as high. However, it quadrupled with mental disorders, and the risk of all-cause mortality had a six-fold increase when musculoskeletal disorders were added. A possible mechanism that explains the increased risk in women is that participants in the SABE study were of 60 years or more when they were interviewed, which means that they were all postmenopausal at the beginning of the study. Postmenopausal women have higher risk of hypertension and diabetes mellitus, which increases the risk for cardiovascular diseases [27] . is occurs because estrogen acts as a protective factor in premenopausal women, but this protection disappears after menopause [28] . Furthermore, women with hypertension had increased risk for cardiovascular mortality. Previous studies show that women with hypertension had increased risk for coronary heart disease (CHD) and stroke mortality [29] . Additionally, women with hypertension and ischemic heart disease (IHD) had increased risk for cardiovascular mortality [30] . ere was an increased risk of all-cause mortality when mental disorder was added. Women had more prevalence of self-reported MD when compared to men, a similar result to those obtained by other studies showing that women had higher prevalence of mental illness such as depression [31] and anxiety [32] . Furthermore, the presence of comorbidity of hypertension and cardiovascular diseases increases the incidence of depression [33] . Additionally, women from the SABE study presented higher prevalence of factors related to MD including marital status of widow and self-report of living alone. us, women from our sample could be more likely to suffer from mental disorders such as depression. It is known that mental disorders have been associated with increased risk of mortality. One study in Finland demonstrated that women with psychotic disorders had higher risk of all-cause mortality in relation to men [34] , while other study shows that depression increased the risk of cardiovascular mortality [33] . Furthermore, another study found that people with diabetes and depression had higher risk of all-cause mortality when compared to people suffering only from diabetes [35] . Moreover, by itself, mental illness increased the risk of premature mortality, which can be accelerated by cardiovascular diseases [36] . Finally, with the addition of some MSDs, the risk of all-cause mortality has a six-fold increase. In a similar fashion to mental disorder, some MSDs such as knee osteoarthritis (OA) or generalized OA increased the risk of all-cause mortality [37] by themselves. erefore, when all diseases interacted together in a single individual, they gradually increased the risk of allcause mortality.
e individual disease with the highest prevalence in men was hypertension, followed by cardiovascular diseases and diabetes mellitus. However, the highest mortality was found in the combination of cardiovascular diseases and musculoskeletal disorders, which formed pair, quadruple, and quintuple diseases. e exception to this was trios, where the highest mortality, as in women, was the hypertension, cardiovascular diseases, and diabetes mellitus combination. ere was no risk of all-cause mortality due to respiratory diseases. Men with CD and MSDs had 59% higher risk of all-cause mortality in relation to men without diseases. One study with 14 years of follow-up demonstrated that elderly people with cardiovascular disease and arthritis had a decreased median survival (8.2 years) in relation to people without chronic diseases (10.3 years) [12] . According to our results, although the prevalence of MSDs was higher in women than in men, the increased all-cause mortality due to MSDs was higher in men than in women. ese results may be explained by the fact that the men in our sample shared factors related to osteoarthritis and increased risk of all-cause mortality such as alcohol consumption and sedentary behavior, besides older age. Of the people who do not drink, 32% were males. Of the people who reported drinking every day, 83% were males. Regarding sedentary behavior, 70% of men reported not doing any physical activity. Although most men reported being sedentary, they did not have a BMI of overweight or obesity, a factor highly correlated to OA of the knee and hip; 43% of men had a normal body mass index (BMI) (data not shown). Chronic alcohol consumption could increase inflammatory processes affecting the knee and shoulder joints, generating OA or worsening the existing inflammation [38] . While sedentary behavior negatively affects musculoskeletal conditions such as knee OA [39] , it is known that physical activity produces benefits to the cartilage, bone, muscles, and tendons in men [40] . We could not establish if the sedentary behavior was due to either a painful OA that limited physical exercise or the burden of existing chronic diseases in the individual. Additionally, men in our sample had a high prevalence of chronic respiratory diseases. is could generate dyspnea, limit the performance of daily life activities, and therefore, increase a sedentary lifestyle. Similarly, we could not establish whether individuals were first affected by musculoskeletal or cardiovascular disease. e latter also generates dyspnea, which could increase the respiratory difficulty of a basic chronic disease, thereby increasing a sedentary behavior. What we can establish is that sedentary behavior increases the risk of all-cause mortality. A recent metaanalysis found that sedentary behavior above eight hours per day had a linear tendency associated with an increased risk of all-cause mortality [41] .
is study has limitations. First, we could not establish which disease started first in an individual. is is a retrospective study, and for each disease, we did not know the onset (to establish which one started first) and the severity. Furthermore, we did not have information about the diagnostic of mental disorders.
Second, given that the inclusion of diseases and risk factor changes between studies and countries, we could compare our results with few studies. Furthermore, there was one study with multimorbidity variable as number of diseases, that is, 1, 2, 3, etc. [42] , and other studies that do not separate diseases by type include multimorbidity as a continuous variable in the survival model [42] [43] [44] , making it complex to compare results between studies. Finally, there were no studies that analyzed mortality results by sex.
Despite these limitations, multimorbidity was obtained in a community sample that is representative of the Brazilian elderly population. We believe this is the first cohort study in Latin America evaluating multimorbidity with all-cause mortality and the first study analyzing this association by sex.
Conclusion
We have shown that mortality in older adults increased with the addition of diseases. is is of utmost importance since currently the clinical guidelines are focused on the management of diseases individually and not on the sum of them. We also observed that men and women should be analyzed separately, given that women and men presented differences in risk factors and prevalence of diseases, which was reflected in the mortality.
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